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ABSTRACT 

A Class I 1  i n s p e c t i o n  and abbrev ia ted r e c e i v i n g  water survey were conducted a t  
t h e  town o f  Coupevil  l e '  s wastewater t rea tment  p l  ant  on August 19 and 20, 1985. 
The o x i d a t i o n  d i t c h  a c t i v a t e d  sludge p l a n t  d ischarges  an average o f  80,000 
g a l l o n s  per  day i n t o  Penn Cove. Treatment e f f i c i e n c y  was found t o  be v e r y  
good, w i t h  e f f l  uent  qua1 i t y  f a r  exceeding pe rm i t  requ i rements .  Labora to ry  
procedures a lso  were v e r y  good--two minor  recommendations were made. Copper 
concen t ra t i ons  were h i gh  i n  t h e  secondary s ludge and may b e  t h e  1 i m i t i n g  
f a c t o r  i n  a land- disposal  appl i c a t i o n .  Penn Cove water q u a l i t y  near t h e  p l a n t  
o u t f a l l  appeared t o  be improved and exceeded b a c t e r i a l  water  q u a l i t y  standards 

INTRODUCTION 

Coupevil  l e  i s  a community l oca ted  on t h e  south shore o f  Penn Cove on Whidbey 
I s 1  and. The Coupevi 11 e wastewater t rea tment  p l  ant  ( WTP) c o n s i s t s  o f  an 
o x i d a t i o n  d i t c h  f o r  secondary t rea tment ,  f o l  1 owed b y  secondary c l  a r i  f i c a t i o n  
and d ischarge  o f  c h l o r i n a t e d  e f f l u e n t  t o  Penn Cove. Sludge i s  a e r o b i c a l l y  
d i ges ted  p r i o r  t o  1 and d isposa l  . The t reatment  p l a n t  i s  designed f o r  an 
average f l o w  o f  0.25 MGD, and peak f l o w s  o f  1 MGD. The c u r r e n t  average f l o w  
i s  80,000 gpd. 

On August 19 and 20, 1985, a C l  ass I 1  i n s p e c t i o n  was conducted a t  t h e  p l  ant 
s i t e  b y  John Bernhardt  , Washington Department o f  Ecol ogy, Water Qua1 i t y  
I n v e s t i g a t i o n s  Sect ion.  The o b j e c t i v e s  were: 

1. Eva1 ua te  t rea tment  p l  ant  e f f i c i e n c y .  

2. Review sampl i n g  and 1 abo ra to r y  procedures.  

3. Perform an abbrev ia ted r e c e i v i n g  water survey. 

4. Analyze s l  udge f o r  1 and-di sposal su i  t a b i l  i ty. 
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I n  c o n j u n c t i o n  w i t h  t h i s  s u r v e y  comprehens ive  i n v e s t i g a t i o n  o f  s u b t i d a l  Eag le  
Har-bor- sediments was conducted a t  app rox ima te !  y t h e  same t i m e .  
i o n  i n v e s t i g a t i o n  was funded b y  E c o l o g y ' s  Hazardous Waste C l  ea 
t h e  Puget Sound E s t u a r y  Program. It focused on chemica l  and b i o l o g i c a l  
c h a r a c t e r i z a t i o n  o f  s u b t i d a l  Eag le  Harbor se was conducted b y  
T e t r a  Tech, Inc. ,  Be1 levue, a s h i n g t o n  ( i n  p  

Sample s to rage ,  e x t r a c t i o n ,  and a n a l y t i c a l  p rob lems  a t  t h e  M u n i c i p a l i t y  o f  
M e t r o p o l  i t a n  S e a t t l e  (METRO) l a b o r a t o r y  r e s u l t e d  i n  t h e  l o s s  o f  many o f  t h e  
d a t a  f o r  o r g a n i c  compounds i n  t h e  g round- wa te r  and seepage samples. I m p l i c a -  
t i o n s  o f  t h e  r e m a i n i n g  d a t a  and o n - s i t e  o b s e r v a t i o n s  a r e  d i scussed ,  as a r e  
t h e  r e 1  a t i o n s h i  ps between P  A  c o n c e n t r a t i o n s  i n  seepage and c o n t a m i n a t i o n  i n  
c  l am t i s s u e s  r e p o r t e d  by p r e v i o u s  i n v e s t i g a t o r s .  

METHODS 

STUDY AREA: SAMPLING SITES 

The s t u d y  a r e a  and sampl ing  l o c a t i o n s  a re  shown i n  F i g u r e  1. S t a t i o n  d e s c r i p -  
t i o n s  a r e  summarized i n  T a b l e  1. 

Tab le  1. Sample l o c a t i o n .  

- - -- -- - 
S m p l  e l  
S t  a t  i o n  
Number S t a t i o n  NameIMedi a  L a t i t u d e / l o n g i t u d e  

WA-1 Old t e s t  w e l l l q r o u n d w a t e r  47"36 '59" /122"29 '57"  

IW-1 Nor th  o f  Mi lwabkre dock - i n t e r t i d a l  seep/water  
I S - 1  /sediment  47"36 '59" /122"29 '56"  

IW-2 West shore - i n t e r t i d a l  s e e p l w a t e r  
I S-2 I s e d  imen t  

IW-3 East  o f  s h i p p i n g  dock - 
I S - 3  

i n t e r t i d a l  seep /wa te r  
/ sed imen t  

IW-4 Southwest o f  s h i p p i n g  dock - i n t e r t i d a l  s e e p l w a t e r  47~37 ,02 , , /122~30 ,2 .5u  
I S - 4  /sediment  

Samples o f  g round wa te r  were o b t a i n e d  f r o m  an o l d  t e s t  we1 l ( 
1 2- i n c h  ( i n s i d e  d i a m e t e r )  s t e e l  c a s i n g  and 28.51 f e e t  t o t a l  dep th  ( t o p  o f  
c a s i n g  t o  bo t tom o f  water  co lumn) .  T h i s  w e l l  was a p p a r e n t l y  d r i l l e d  b y  
H a r b i n g e r ,  I n c .  i n  J u l y  o f  1972 (A1 l w o r t h ,  1972a) .  Tu 1 l e y  ( p e r s o n a l  communi- 
c a t i o n )  i n d i c a t e d  t h a t  t h i s  we1 1 was d r i l l e d  w i t h  a  36- inch  r o t a r y  b u c k e t .  
Because o f  t h e  d r i l l i n g  method, a  d e t a i l e d  w e l l  l o g  i s  n o t  a v a i l a b l e .  A l l -  
w o r t h  (1972 )  s t a t e s  " D u r i n g  t h e  d r i l  l i n g  o f  t h i s  w e l l ,  a  l a r g e  q u a n t i t y  o f  
c r e o s o t e  was encountered i n  na r row  s t r a t a ,  p a r t i c u l a r l y  a t  24-27 f e e t  where 
c o a r s e  sand, g r a v e l ,  and c o b b l e s  were e v i d e n t  and p e r m e a b i l i t y  t o  l i q u i d  
appeared h i g h . "  More d e t a i l e d  i n f o r m a t i o n  f r o m  s o i l  b o r i n g s  t a k e n  on t h e  
same area d u r i n g  t h e  1972 i n v e s t i g a t i o n s  i s  a v a i l a b l e  on r e q u e s t .  



V WATER 
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w Y C  K 0 F F  

F i g u r e  1. Study a r e a .  
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I n t e r t i d a l  seepage (IN-1 t o  IN-4) and sediment samples (IS-1 t o  IS-4) were 
taken a t  four locations adjacent t o  the  yckoff s i t e ,  numbered sequent ia l ly  
from the  southeast (near  the  ilwaukee dock) t o  the  north and west (west of 
the  shi ppi ng dock). 

S i t e  Vis i t s ;  Sampling Events 

The Nyckoff s i t e  was v i s i t ed  th ree  times dur i  g the  course of t h i s  invest iga-  
t i o n .  An i n i t i a l  reconnaissance survey was c nducted on May 23, 1985. 
Ecology was represented by Dave Bradley and Don Leske ( H W C P )  and Dale Norton 
and Bi I l Yake ( QIS) . We were accompanied by Chuck Stoddard (Wyckoff Com- 
pany) . Layout nd operations a t  the  f a c i l i t y  were reviewed and potential  
sampling s i t e s  were evaluated. Water samples were obtained from the  old t e s t  

A - 1 )  and the  most visual ly  contaminated seep ( IN- I ) .  These samples 
alyzed f o r  conventional parameters inc  luding oi 1 and grease,  phenol i c s ,  

and spec i f i c  conductivi ty.  (As discussed l a t e r  under 
i s  important t o  note t h a t  the  ground-water sample obt 
t i o n  included a sus tan t i a l  amount of f l o a t i n g  product. 
obtained on June 19 was obtained from be1 ow t e water/product in te r face . )  

The main sampling e f f o r t  was conducted on June 19, 1985, by Dale Norton and 
Bi 11 Yake (WQIS). Water and sediment samples were col lected f o r  analyses of 
se lec ted  conventional cons t i tuen t s ,  t r a c e  meta ls ,  and organic chemicals. 

A f i n a l  v i s i t  occurred on October 19, 1985, during which Dale Norton re-sampled 
IN-1. This re- analysis  was required because a memorandum from Dave M i  t che l l  
(METRO laboratory)  t ransmit t ing preliminary d a t a  noted t h a t  with regard t o  
t h i s  sampl e ,  the  1 aboratory "obtained extremely 1 ow surrogate recovery and 
therefore  the  uncertainty associated with t h e s e  values i s  1 arge" ( ( M i  t che l l  , 
1985). 

A 1  l sampling e f f o r t s  were centered around low t i d e s .  Times and heights of 
low t i d e s  on sampl ing days are summarized in Table 2 .  

Table 2 .  Lower low water t i d e  heights o sampling days.1 

ay 23, 1985 June 19, 1985 October 9, 1985 
Time Height Time Height Time Height 

~ u , s .  Dept. of Commerce ( N O A A ) ,  1984. 
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ay 23, a  ground-water sample was obtained from the 
I d  t e s t  wel1"using a  tef lon ba i l e r .  

The well was not purged pr ior  t o  sampling on t h i s  or subsequent occasions 
fo r  two reasons. F i r s t ,  the re  was no acceptable way to  dispose of the  
1 arge volume of contaminated water which would be generated by pumping. 
Second, Allworth (1972b) noted t h a t ,  "The well produces a  higher-than- 
expected volume of creosote-water mixture, with a  lower-than-expected 
creosote content." This implies the pos s ib i l i t y  of a  high-yield, r e la-  
t i v e l y  clean,  ground-water aquifer (perhaps near the bottom of the  we1 1 )  
which would d i l u t e  the contamination i f  t he  well were purged. 

The ground-water sample obtained on June 19 was collected using a  peris-  
t a l t i c  pump (Geoteck 0700), with a  5-inc section of 3116-inch ( O D )  
s i l i cone  tubing contacting the  pump head, and 3116-inch (ID) t e f lon  ( F E P )  
tubing on both the suction and delivery s ides  of the s i l i cone  tubing. 
Prior t o  sampling, a  pump blank was obtained by passing organic-free 
water (obtained from the METRO 1 aboratory) through the per is ta l  t i c  pump 
system. The f i r s t  10 t o  20 mil l i  1 i t e r s  assing through the system were 
discarded. 

The ground-water sample was taken as fo l  lows: 

1. To prevent product from entering the tubing, the  pump was run in 
reverse as the  teflon tubing was passed through the product f l oa t -  
ing on the ground water. 

2. The pump was returned to  the suction mode and the sample taken 
about one foot be1 ow the f loat ing product. Several hundred mi 1 l i -  
l i t e r s  of water were passed through the system prior t o  col lecting 
the  sample. 

e  t e f  l on bai 1 er  and al 1 pump tubing was washed with i i  qui-Nox deter-  
gent, de-ionized water, 10 percent hydrochloric acid, nanograde methy- 
lene chloride,  and nanograde acetone p r i ~ r  to  sarnpl ing. Bailer ends 
and tubing ends were covered with aluminum f o i l  cleaned in the same 
manner, This f o i l  remained in place u n t i l  immediately prior  t o  sampling. 

In te r t ida l  Seeps (water) :  In te r t ida l  seepage was collected using two- 
tee1 tubes s ix  inches lonq. A smal l depression 

was made in the beach and the tube s e t  a  a  s l igh t '  inc l ine  in the "dam" 
a t  the downstream s ide  of the depression Suff ic ient  time ( 5  t o  10 
minutes) was a1 lowed fo r  s e t t l i ng  of sus ended par t i c les  in seepage 
pooling in the depression. Sample bot t l  s  were f i l l e d  by the discharge 
from the tube. The tube was placed so t a t  the  intake was not submerged 
in the pool, and f loat ing product was ob ained in the sample a t  those 

- 2 )  where i t  was present in the seepage. 
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Tubes were cleaned and stored as previo s l y  noted for  the  ground-water 
sampl ing equi pment . 
I n t e r t i d a l  Sediment: In te r t ida l  sediment was collected using a three-  

less  s t e e l  corer .  The corer  was inserted 2 cm in to  
the  sediment and a s t a i n l e s s  s t e e l  pl a t e  inserted under the  co re r .  The 
sediment was then removed and placed in a large s t a i n l e s s  s t ee l  beaker. 
Fif teen cores were obtained a t  each s i t e  and composited. Sediment sam- 
ples were homogenized in the  beakers using large s t a i n l e s s  s t e e l  spoons. 
Each composited sample was col lec ted  with a dedicated corer ,  beaker, and 
spoon. 

Corers, beakers, and spoons were cleaned and stored as noted above for  
water and ground-water sampl ing equipment . 

Analytical Methods 

Samples col lec ted  during t h i s  survey were analyzed for  the  parameters shown 
in  Table 3. 

Table 3. Samples submitted f o r  analyses. 

I n t e r t i d a l  
I n t e r t i d a l  Seeps Seeps 

Parameters 

Conventional s 
d u c t i v i t y  X X X X X 

X X X X X 
t u r b i d i t y  X X 

X X 
X X X X X 

recoverab 1 e pheno 1 i c s  X X X X 
nu t r i en t s  X X X X X 
suspended sol ids X X X 
t o t a l  organic carbon X X X 
percent so 1 ids  X 
grain s i z e  X 

Trace Metals X - X - X - X 

e organics X 
t r a c t a b l e s  X 

base neutral ext rac tables  X 
pest icides/PCBs X X 

X = Sample col lected and analyzed. 
( X )  = Sample col lec ted;  analy t ica l  da ta  unusable due to  laboratory problems. 

X = Sample col lec ted;  analy t ica l  da ta  provided as est imates or with caveats - 
due t o  1 aboratory prob l ems. 
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ese analyses were conducted a t  four 1 abora tor ies  summarized in 
Table 4 .  

Table 4 .  Laboratories performing analyses.  

Analysis Laboratory;Location 

Conductivity, pH, t ub id i ty ,  anchester , MA. 
co lo r ,  o i l  & grease,  re-  
coverable phenolics, 
nu t r i en t s ,  suspended 
so l ids  

Metals, percent sol ids EPA;  Manchester, 

Total organic carbon es t ing  Labs. ; S e a t t l e ,  MA. 

Grain s i ze  Parametrix, Inc.; Bellevue, WA. 

P r i o r i t y  pol 1 utant organics E T R O ;  S e a t t  l e ,  WA. 

Conventional Analyses: Methods used f o r  t h e  analysis  of conventional 
and anci 1 l ary parameters a re  summarized as f o l  lows: 

Specif ic  conductivi ty was determined with a Beckman model #RC20 
conductivi ty bridge,  

pH was measured with a Corning pH/ on analyzer model #155. 

Turbidi ty was determined using a Hach 2100A t urbidometer. 

Co lor was measured using a Beckman DU-2 spectrophotometer. 

Oi ] /grease  concentration 

Recoverable phenolics analyses f o l l  owed ethod 51OC - Direct 
photometric (APHA, 1985). 

u t r i e n t s :  Ammonia - Method 350.1 - Colorome r  i c ,  automated 
henate in Methods f o r  Chemical Analysis o f  a t e r  and Wastes 

( E P A ,  1979). 

Ni t ra te ,  n i t r i t e  - Method 353.2 - Co lorometric, automated, 
cadmi um reduction (EPA, 1979). 
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Orthophosphate - Method 3 5.1 - Colorornetric, automated, ascorbic 
acid ( E P A ,  1979). 

Total phosphate - Digestion following Method 424C - Preliminarv 
d iges t ion  s t eps  f o r  to ta l  phosphorus ( A P H A ,  l985) ,  fo l  lowed by 
E P A  Method 365.1, as  above. 

o Suspended so l ids  and percent s o l i d s  followed ethod 160.2 - Gravi- 
metr ic ,  dried a t  103 - 105°C and Method 160.3 - Gravimetric, dried 
a t  103 - 105°C ( E P A ,  1 791, r e spec t ive ly .  

o Total organic carbon was analyzed y Laucks Testing Laboratories 
by C02 generation on combustion ( L  

o Grain s i ze  was analyzed by Parametrix, Inc. using the methods of 
s ieves  and p ipe t t e s  described by Buchanin and Kain (1971).  

Metals Analyses: Sediment and water samples were analyzed f o r  seven 
t s  were digested with r e d i s t i l l e d  n i t r i c  acid and hydro- 

gen peroxide in accordance with Contract Laboratory Procedures ( E P A ,  
1983). Because of contamination problems experienced in the  d iges t ion  of 
the water samples, the  water samples were analyzed by d i r e c t  a sp i ra t ion .  

Digested sediment and undigested water samples were analyzed by atomic 
absorption spectrophotometry using the  f o  1 1  owing E P A  (1979) methods: 

Table 5. Analytical methods f o r  metals 
analysis  ( E P A ,  1979). 

Method 
eta1 Water Sediment 

Arsenic 
C adm i um 
Chromi urn 
Copper 
Iron 
ickel 

Lead 
Zi nc 

rganics Analysis: A l l  organic p r i o r i t y  o 1 l utant analyses were conduc- 
1 aboratory. After QIS received the  i n i t i a l  (Round 1)  
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r e su l t s ,  questions were raised about the  accuracy of the r e su l t s .  Be- 
cause a  s e t  of subtidal Eagle Harbor sediment samples col lected by 
Tetra Tech as part of a  H CS study were being analyzed by METRO a t  the 
same time, arrangements were made to have Tetra Tech conduct a  review 
of the analytical methods used. Results of t h i s  review, including 
recommendations fo r  data use and are  located in the appendix of 
t h i s  repor t .  Based on t h i s  revi of the four in te r t ida l  sedi-  
ments were re-analyzed (Round 2 ) .  In addi t ion,  METRO personnel noted a  
problem with the analysis of one of the water samples (IN-1) prior  to  the 
Tetra Tech review and recommended re-sampling. This s i t e  was re-sampled 
on October 9, 1985. Review of analytical  techniques used on the f i r s t  
round of water analyses resulted in the re jec t ion of most of these data.  
By the time t h i s  determination was made, holding times on the water sam- 
pl es had been substanti a1 ly exceeded and re-analysis was not possible. 
Additional analytical problems resulted i n  the  part i  a1 cornpromi sing of 
many of the data.  Thus many of the data  are reported with qua l i f i e r s .  
Users should keep these caveats in mind. 

A1 l vol a t i  l e  organics analyses ( V O A )  were run using gas chromatography/ 
mass spectrophotometry (GCIMS) with isotope d i lu t ion .  This method i s  
described in METRO'S methods manual ( M E T R O ,  1985). These analyses were 
acceptable during Round 1. VOA data were calculated and reported in the 
manner specified by EPA's Contract Laboratory Program. These data were 
somewhat compromised by the  fac t  t ha t  sample bot t les  provided by the 
METRO 1 aboratory were not sept um-seal ed. Data are therefore reported 
as estimates and may, most l ikely ,  be s l  ight underestimates of actual 
concentrations. 

The METRO ext ract ion procedure used fo r  the acid/base/neutral ( A / B / N )  
f r ac t ions  i s  shown in Figure 2. This ext ract ion i s  followed by gel 
permeation chromatography ( G P C )  , and f i n  a1 ly  normal -phase chromatography 
( N P C )  (METRO,  1985). As noted in the Tetra  Tech QA/QC review ( see  ap- 
pendix) "Serious problems were encountered during extraction and cleanup 
[of June water samples] and a1 l [ these acid/base/neutral and pest icides]  
. . . data  are rejected. ' '  

Extractions from each sample were analyzed fo r  A / B /  compounds using 
GCJMS with isotope d i lu t ion ;  and fo r  pes t i c ide  /PCBs using gas chroma- 
toqrapylel ectron capture detection (GCJECD) ( 

Caveats re1 ated to  the A / B / N  and pes t i c i  elPCB data include the fol lowing: 
1 seep sampl e was a1 lowed to  s t  an at  room temperature for  14 days 

extraction ( these  r e su l t s  are t erefore  reported as estimates 
and are probably somewhat low); actual detection l imi ts  f o r  individual 
pest icides and PCBs are unknown. 



Method I :  A/ and base with back ex t rac t ion ,  

spiked with surrogates  

extracted 3 times with MeC12 

solvent-organic 1 ayer acid i f  i ed aqueous l ayer 

basic:  pH adjusted t o  1 2  

extracted 3 times with MeC12 

solvent-organic layer  
base f r a c t i o n  

back e x t r a c t :  r i n s e  3 times with pH 2 water 
I 

solvent-organic layer ac id ic  water 
add t o  A / N  f r a c t i o n  

basic aqueous 
layer  discarded 

e x t r a c t  3 times with MeC12 

so lvent-organic 1 ayer basic aqueous 
base f r ac t ion  1 ayer discarded 

Figure 2 .  METRO ex t rac t ion .  Source: Dave Mitchell ,  METRO laboratory.  
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RESULTS A N D  DISCUSSION 

a te r  and Seep 

The r e s u l t s  of conventional pol lu tan t  and metals analyses on water sampl es are 
shown in Table 6. Results of organic p r i o r i t y  pol lu tant  analyses are summar- 
ized in Table 7 .  

Conventionais: Ground-water samples taken with a ba i l e r  (5/23/85) from 
A- 1 )  showed a dark o i l y  1 ayer f loa t ing  on s l i g h t l y  

disco1 ored ground water. The ground-water sample which contained t h i s  
layer of product had a much higher o i l  and grease concentration (4,900 
mg/L) than the  subsequent sample obtained on 6/19/85 by p e r i s t a l t i c  pump 
from the  ground water below t h i s  product ( 3  m g / L ) .  

The water seeping from the  i n t e r t i d a l  zone north of the  Milwaukee dock 
(IN-1) was v i s u a l l y  very simil ar t o  the  contaminated ground water. This 
seep water had dark o i l y  material  in i t  which formed a surface sheen. 
Based on both water qua1 i t y  da ta  and v isual  observations, i t  i s  apparent 
t h a t  contaminated ground water below the Wyckoff s i t e  i s  moving eastward 
o f f s i t e  and entering Puget Sound i n t e r t i d a l  ly  along the  east- facing 
shore. 

Based on the  limited data  avail able,  ground water i s  s u b s t a n t i a l l y  d i -  
luted by marine water between the  old t e s t  well s i t e  and the seeps. 
This i s  probably the  r e s u l t  of sa l twa te r  penetrat ion a t  higher t i d e  
stages.  Conductivity in the seep water (24,000 t o  44,000 umhos/cm) was 
much higher than tha t  in the  ground water (3,000 t o  5,000 umhos/cm). 
The samples col lec ted  on June 19, 1985, showed concentrations of some 
contaminants (recoverable phenolics, o i l  and grease, and T O C )  lower in 
the  ground water than the  seep. This i s  almost c e r t a i n l y  an a r t i f a c t  of 
sampl ing (e .g . ,  not including the  high1 contaminated surface  f r ac t ion  
in the ground-water sample). Note t h a t  the  three o i l  and grease samples 
col lected from the  IW-1 seep (120, 160, and 360 mg/L)  are intermediate 
between the  whole ground-water sample col lected on May 23 (4,900 mg/L)  
and the  ground water col lec ted  from below the  surface on June 19 ( 3  
mg/L). 

eta1 s  da ta  ( p a r t i c u l  a r l y  from the  June 19 sampl ing) are some- 
biguous and should be used with cau t ion .  The atomic absorption 
photometer a t  Manchester was experiencing some background cor- 

rec t ion  problems during t h i s  time perio (Twi s s ,  personal communication) 
The d i spa ra te  r e s u l t s  from the  two IW-1 seep samples are not r ead i ly  
explainable. Unti 1 both ground-water and seeps can be re-sampled and 
analyzed, i t  i s  probably unwise t o  draw any conclusions about potential  
metals problems a t  the  s i t e .  

Organics: Organics r e s u l t s  are summarized in Table 7 .  Complete data 
ng de tec t ion  l imi t s )  i s  include in the  appendix. 



Table  6 .  Conventional and m e t a l s  r e s u l t s ,  ground water  and seep  ana lyses  - Wyckoff, 1985. 

Sample Location WA- 1 IW-1 I  W-2 IN-3 IN-4 
Date 5 / 2 3  6/19 5/23 6/19 1019 6/19 6/19 6/19 
Time 1305 1030 1400 1200 0730 1300 1430 1345 

Conventional s  
S p e c i f i c  Conduct. (umhos/cm) 
pH (S.U.) 
T u r b i d i t y  (NTU) 
Color (S.U.) 
Oil & Grease (mg/L) 

Recoverable Phenol i c s  (mg/L) 
NH3-N (mg/L) 
N02-N (mg/L) 
N03-N (mg/L) 
0-P04-P (mg/L) 
T-PO - P  (mg/L) 
rss h,/i) 
TOC (mg/L) 

Met a1 s 
P 

Arsenic (ug /L)  * ~r * * J; 

Cadmium (ug /L)  <0.2  0 .4  0.2 0 .3  0 . 3  1 . 0  
Chromium (ug /L)  < 1 99** 3  49** 24** 3  
Copper ( ug/L) < 1 79** <1 49** 39** tl 
Nickel (ug /L)  < 1 155** <1 74** 22** 40** 
Lead (ug/L)  < 1 13** <1 <I < 1 < 1 
Zinc (ug/L)  < 1 204** (1 108** 46** <1 

"Unusable d a t a  - Q A / Q C  problems. 
**Use d a t a  with c a u t i o n ,  s e e  t e x t .  



Tab le  7. Organic p r i o r i t y  p o l l u t a n t  r e s u l t s ,  wa te r  and ground wate r  analyses ( u n i t s ,  ug/L)  - Wyckoff,  1985. 

Ground 
Sample Type Water I n t e r t i d a l  Seeps B lanks  

Sample L o c a t i o n  WA- 1 IN- 1  IW-1 IW-2 IN-3 IW-4 Pump Transpor t  F i e l d  T ranspor t  F i e l d  
Sample Number 248587 248588 418151 248589 248590 248591 248596 248598 248597 418156 418157 
Date 6/19 6/19 1019 6/19 6/19 6/19 6/19 6/19 6/19 1019 1019 
Time 1045 1200 0740 1300 1430 1345 1040 

V o l a t i l e  Organics 
E t h y l  benzene E28 E21 E l l  E5u E5u E5u E5u E5u 
Methylene c h l o r i d e  ' i z u  E& E5u E5u - E 8 - E l 3  - E 35 

A c i d  E x t r a c t a b l e s  
Phenol 
2,4-Dimethylphenol 
2,4,5-Tr ich lorophenol  
Pentachl  orophenol 

Base/Neutra l  s  
Naphthalene 
Acenaphthene 
Acenaphthylene 
Fl  uorene 
Anthracene 
Phenanthrene 
F l  uoranthene 
Chrysene 
Pyrene 
Benzo(a) anthhracene 
B e n z o ( b ) f l  uoranthene 
Benzo( k ) f  1  uoranehene 
Benzo( a) pyrene 

N D 
N D 
NO 
NO 
ND 
(E3.0) 
( E l  .4)  
N D 
( E l .  2 )  
N D 
N D 
ND 
ND 

N D 
N D 
ND 
(E2.4) 
(E18) 
(E6.6) 

N D 

O i  benzo( a,h)anthracene 
Benzo( ,h,i)perylene 
Indenoql,2,3-cd)pyrene 
D i e t h y l  p h t h a l  a t e  
D i - n- b u t y l p h t h a l  a te  
Bis(2-ethylhexy1)phthalate 

--- - - 

* = Data r e j e c t e d  due t o  l a b o r a t o r y  problems. 
P = I n t e r n a l  s tandard  r e c o v e r y  <10 p e r c e n t .  
u  = Undetected a t  d e t e c t i o n  l e v e l  shown. 

ND = Not de tec ted ,  d e t e c t i o n  l i m i t s  n o t  v e r i f i e d .  
= D e t e c t i o n  o f  compounds i n  env i ronmenta l  samples. 

7 = E s t i m a t e  (VOA1s - b o t t l e  p rov ided  f o r  c o l l e c t i o n  n o t  septum-sealed; B/N/A1s - sample a1 lowed t o  s tand a t  room tempera tu re  
f o r  14 o f  47 days between d e l i v e r y  t o  METRO l a b r o a t o r y  and e x t r a c t l o n ) .  

( ) = B lank  sample r u n  on NPLC immed ia te ly  f o l l o w i n g  h i g h l y  contaminated sample, c a r r y o v e r  c o n t a m i n a t i o n  suspected. 
t t  = Ac tua l  d e t e c t i o n  l i m i t s  unknown. 
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Re1 a t ively  low concentrations of ethyl 10 t o  30 u g / L )  were 
detected in the ground water as well as -1, which had low ( l e s s  
than 20 ug/L) concentrations of several t r a c t ab l e  compounds 
including phenol and several chlorinate 

Of primary importance were r e su l t s  indicat ing heavy contamination of the  
-1 seep with 2-  t o  6-ring aromatic hy ocarbons. Figure 3 compares 

concentration of spec i f i c  PNA's in the  -1 seep t o  the concentration of 
A's  quantif i  ed in ground water at  another wood-treating 

Puget Sound--McFarland/Cascade, Budd In le t  (Johnson, 1985). 
The PNA "f ingerpr ints"  are qui te  s imi la r  with the excep ion tha t  6-ring 

A compounds were comparatively more prevalent a t  the  

Table 8 compares the  concentrations of A's  with current  €PA c r i t e r i a  
fo r  the protection of sal twater  aquatic l i f e .  Concentrations in each 
case exceed these c r i t e r i a  by 2 t o  100 t imes.  Although t h i s  study made 
no attempt to  formal ly quantify the  presence or abundance of marine 1 i f e  
in the areas v i sua l ly  affected by the seeps,  1 ive organisms were not 
observed on or in sediments near contaminated seep areas. C r i t e r i a  
v iola t ions ,  coupled with the  apparent lack of viable in te r t ida l  commu- 
n i t i e s ,  suggest a  measurable negative impact on marine organisms in the 
immediate v i c in i t y  of the contaminated seeps. 

Table 8.  Concentrations of several PNA' s  in seep (IW-1) water compared 
t o  E P A  sal twater  c r i t e r i a  (Fe era1 Register,  1980) fo r  the 
protection of sal twater  aquatic 1 i f e .  

E P A  Sal twater Di l ution 
Cr i t e r i a  Seep (IN-1) Required to 

Po 1 l u t  ant 

Napht ha1 ene 2,350 ~r €5,800 2.5 -k 

Acenaphthene 710 500 €2,300 3.2 4.6 
F 1 uoranthene 4 0 16 E l ,  500 38 94 
Polynuc lear aromatic 3 00 * €10,000 3 3 -k 

hydrocarbons 

o c r i t e r i a  yet developed. 
E = Estimated concentration. 

The contaminated seepage i s  also an a rent  source of the e levat  
concentrations found in clams co l lec t  south of the seeps (from 
property along Rockaway Beach t o  Poin l ake ly ) .  PNA contamination of 
cl am t i s sues  has been documented by prev ious studies (Yake, -- e t  a1 . , 1904; 
Ka lman, 1984). 



F i  gur A c o n c e n t r a t i o n  i n  ground water  
rnpar-ed t o  seep con tamina t ion  a t  
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Figure 4 plots  concentrations of three  n clam t i s sue  against 
distance south of the  IW-1 seep. The t A's are those reported at  
detectable concentration in both of the  referenced s tudies .  A 
consistent  pattern with concentrations ghest near the seep and decreas- 
ing concentrations to  the south i s  apparent. 

Another linkage between the seep contamination and elevated concentra- 
A's  in clams i s  summarized i  Table 9 and shown in Figure 5. 
pi o t s  concentrations of spec f i c  PNA's in seepage (IW-1) and 

clam t i s sues  collected about 600 f e e t  south of the seep and reported by 
Yake, e t  a l .  (1984). Despite the f a c t  t h a t  the  samples were collected 18 
months7pdrt and analyzed a t  d i f fe ren t  l aboratories,  the  match i s  quite 
good, pa r t i cu la r ly  fo r  the higher weigh PNA's (4-  t o  6- r ing) .  Linear 
regression for  the 4- t o  6-ring PNA's ( compounds) y ie lds  a very high 
r2 of 0.974. 

Table 9. PNA concentrations in seepage and clam t i s sue .  

Concentration ClarnTissues S t n .  1, 
Molecul ar in Seepage Yake, . , 1984 

Compound Weight IW-1 ( u g / L )  ug/Kg wet weight 

Napht ha1 ene 128 E5800 2 6 
Acenaphthyl ene 152 E80 4u* 
Acenapht hene 154 E 2 300 130 
F l uorene 165 E 1600 180 
A n t h r  acene 178 E 1600 130 
Phenanthrene 178 E2500 7 40 
F l  uoranthene 201 E 1500 970 
Pyrene 201 El420 920 
Chrysene 228 E390 360 
Benzo(a) anthracene 22 8 E430 210 
Benzo(b)f 1 uoranthene 252 E200 
Benzo(k)f 1 uoranthene 252 E 170 120 

Benzo(a)pyrene 252 E200 5 8 
Di benzo( a,h) anthracene 276 E 30 8.6 
Benzo(g,h,i )peryl ene 276 E70 2 1 
Indeno(l,2 ,3-cd)pyrene 276 E60 I 1  

* = Not detected; ca lcula t ion assumes 2 ug/Kg wet weight. 
E = Estimated concentration. 
u = Undetected at  detection l imit  shown. 

An a1 t e rna t ive  method of evaluating the re1 ations 
nation in seepage and she l l f i sh  i s  shown in Figure 6. Here the r a t i o s  of 
the  concentration of speci f ic  PNA's in c l  am tissue:seepage are  plotted 



S t a t i o n  #I 
Yake, e t  a l .  
(1984)--- 

D i s t a n c e  ( f t , )  sou th  o f  i n t e r t i d a l  see 

Figure 4 .  C o n c e n t r a t i o n  o f  s p e c i f i c  P N A ?  i n  clam t i s s u e  as a  
f u n c t i o n  o f  d i s t a n c e  s o u t h  o f  contaminated see 



Figure 5.  Concentrations of speci f ic  P A "  s in  seepage ( I 
clam t i s sue  (Sta t ion #1, Yake, e t  a l . ,  1984).  -- 

'by 
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against the  molecular weight of the  PNA. The r a t i o  i s  low f o r  the  
l i g h t e r  PNA's and higher fo r  the higher weight PNA's indicat ing a  higher 
r a t e  of uptake and/or r e t en t ion  of high weight PNA's by clams. The r a t i o  
plot  shows a  smooth curve with a  peak in the  range of the  4-ring PNA's 
and s l  ight  drop-off a t  higher molecul ar weights. Potential  expl anations 
f o r  the  shape of t h i s  curve include: 

o  Attenuation of compounds between t h  seep and the  clams. This 
probably includes v o l a t i l i z a t i o n  of t h e  l igh te r  weight PNA's. Other 
mechanisms may a1 so be import ant .  

o  Dif ferent ia l  r a t e s  of uptake by s h e l l f i s h .  For instance,  because 
shel l f i s h  are f i l t e r  feeders ,  t h e r e  may be preferent ia l  uptake of 
PNA' s  adsorbed onto suspended part  i c  l e s .  

o  Dif ferent ia l  r a t e s  ofmetabolism an excretion of the  spec i f i c  PNA's 
by s h e l l f i s h .  

o  Difference in analyt ical  s e n s i t i v i t y  and accuracy between the  
1 aboratories  conducting the  ana lys i s .  

Further research would be necessary t o  explore  the  re1 a t ive  importance of 
these potential  expl anations. I n t e r e s t i  g l y ,  Obana, e t  (1983) in a  
seven-day exposure experiment using shor -necked c  1 amT( es japonica, a  
species not col lected or analyzed in the  Eagle Harbor ar?TJ-Z d 
3- t o  6-ring PNA's showed a  s imi lar  re1 a t ionship  with the  pea - 
t o  5-ring range. Their r a t i o s  were based on exposure water concentra- 
t i o n s ,  suggesting t h a t  the  shape of the  urve ( p a r t i c u l a r i l y  in the 4- t o  
6-ring range) i s  mainly a  function of up ake, metabolism and excret ion in 
clams. Dif ferent ia l  at tenuation may be a  major mechanism in the  2- t o  
3-ring range. 

Taken together ,  the  spa t i a l  pa t tern  of clam contamination and the  simi- 
l a r i t y  in the  " f ingerp r in t s"  of seep and clam contamination provide a  
strong indicat ion t h a t  contaminated seepage from Wyckoff i s  responsible 
f o r  much of the  clam contamination along Rockaway Beach. 

As e f f o r t s  toward the  cleanup of contami ated ground water proceed a t  
Wyckoff, t he re  wi 1 1  be a  need t o  s e t  goals  f o r  t h i s  cleanup: t h e  "How 
clean i s  c lean?"  question. There are  t w  potential  mechanisms f o r  
s e t t i n g  cleanup goals which fol low from he discussion above: minimiz- 
ing contamination of shel l f i s h ,  and protec t ing  marine organisms from 
acute and chronic toxic  e f f e c t s .  

The f i r s t  a1 t e r n a t i v e  i s  potenti a1 ly more complex, in part  because there  
are  no FDA c r i t e r i a  f o r  PNA contamination in s h e l l f i s h ,  and developing a  
cleanup t a r g e t  would probably involve a  human health r i s k  assessment with 
the  attendant assumptions. The Health Risk Guidance anual (Te t ra  Tech, 
1986a) prepared fo r  the  Puget Sound Estuary Program w u l d  provide some of 
the  framework f o r  t h i s  assessment, howeve issues such as consumption 
r a t e  assumptions and acceptable r i s k  leve s  are cu r ren t ly  unresolved. 
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The second a l t e rna t ive  i s  more s t ra igh -forward. Requiring t ha t  po I 1  u -  
t a n t  concentrations in seep waters mee E P A  water qua1 i t y  c r i t e r i a  for  
the protection of marine organisms cou d resul t in decreasing present 
levels  of contamination by 60 t o  99 percent for  compounds current ly  
exceeding these c r i t e r i a  ( see  Table 8). This requirement would be 
consistent  with protecting marine reso rces  because organisms which l ive  
in and on the beach near the seeps wou d be regul arl y  exposed to concen- 
t r a t i ons  s imi lar  to  those found in seep waters. 

Seep contamination i s  also a  source of nearby sediment contamination. 
For t h i s  reason the re la t ionships  between seepage and sediment contami- 
nation should be determined t o  assure hat the  t a rge t  chosen fo r  seep 
cleanup i s  adequate t o  prevent sediment contamination in excess of 
applicable sediment c r i t e r i a .  

Sediments 

Results of conventional and metals analyses of i n t e r t i da l  sediments are sum- 
marized in Table 10; organic p r i o r i t y  pol lu tants  in Table 11. F u l l  sediment 
organics data  including detection l imi ts  a r e  given in the appendix. 

Conventionals: Total organic carbon (TOC) and grain- size r e su l t s  show 
a1 difference in the character  of sediments between the 

Mi lwaukee dock and the shipping dock ( IS-1,  2 ,  and 3 ) ,  and the sediment 
west of the  shipping dock ( IS- 4) .  Sediments on the eas t-  and northeast- 
facing shore are sandy, with low f ines  (3 .6  t o  5 . 7  percent) and TOC (<0.1  
to  0.3 percent) concentrations; while IS-4 i s  more representat ive of a  
depositional area with a  higher f ines  content  (16.2 percent) and TOC 
concentration ( 2 . 6  percent) .  

T a b l e  10. I n t e r t i d a l  sediment  r e s u l t s :  c o n v e n t i o n a l s  and m e t a l s .  

Sample I S - 1  IS- 2  IS- 3 IS- 4  
Sample Number 248592 248593 248594 248595 
Da te  6 / 1 9  6 /19  6 /19  6 /19  
Time 1210 1315 1430 1400 

Conven t iona ls  
P e r c e n t s o l i d s  (Eco logy /Laucks )  79/73.2 79/80.1 78172.6 59/57.1 
TOC ( o e r c e n t  o f  d r y  w e i g h t )  0.3 <0.1 <0.1 2.6 
G r a i n  S ize  

P e r i x n t  Rock ( 2  m) 5.63" 13.70 9.68 18.35 
Percen t  Sand (0.063 - 2 mm) 88.66* 82.65 86.71 65.40 
Percen t  S i l t  ( 4  u - 62 u)  3.24" 1.93 1.75 8.37 
Pe tcen t  C l a y  (0.24 u - 4 u )  2.48* 1.73 1.86 7.88 

M e t a l s  (mg/Kg d r y  w e i g h t )  
A rsen ic  
Cadmi urn 0.21 0.20 0.24 0.61 
Chrorni um 22.3 25.2 21.3 15.4 
Copper 12.2 13.3 13.5 47.5 
N i c k e l  25.2 26.5 24.7 25.4 
Lead 6 .O 4.1 3.0 18.2 
Z i n c  37.5 44.7 40.3 75.4 

*Averaye of two rep1 i c a t e  v a l u e s .  



Table 11. I n t e r t i d a l  sediment r e s u l t s :  o rganic  p r i o r i t y  
( u n i t s  in ug/Kg dry weight) 

Sample Location IS-1 IS-2 IS-3 IS-4 
Sample Number 248592 248593 248594 
Date 6/19 6/19 6/19 6/ 19 
Time - 1210 1315 1430 1400 

Vol a t i  1 e Organics 
Ethyl benzene 

Acid Extractables  
Ph eno 1 
2,4-Dimethyl phenol 
Pentachl orophenol 

Base/Neutral s 
1,2-dichlorobenzene 
Naphtha1 ene 
Ac enapht hene 
Acenaphthyl ene 
F1 uorene 
A n t h r  acene 
Phenanthrene 
Total low w t .  PNA's 
F l  uoranthene 
Chrysene 
Pyr ene 
Benzo( a )  anthhracene 
Benzo(b)f l uoranthene 
Benzo(k)f l uoranehene 
Benzo ( a )  pyrene 
Di benzo(a,h) anthracene 
Benzo(g,h,i )peryl  ene 
Indeno(1,2,3-cd)pyrene 

P37, OOOu 
>1100u 

Dimethyl phthal a t e  
Di ethyl phthal a t e  1 l O O u  
Di-n-butyl phthal a t e  
Bi s (2-e thyl  hexyl ) phthal a t e  u 
Butyl benzy l phthal a t e  >1100u 
Di -n-octylphthal a t e  P800u 

~ e s t i  c i d e s / ~ ~ ~ s ~ ~  
Total PCBs 

E 5Ou 

E33 

oou 

500u 

400u 
1200u 
P500u 
P1500u 
P500u 

U 

600u 

u 
>1300u 
P300u 

20 t o  80 
----- -- 

E = Estimated value. 
P = Internal  standard recovery <10% (high uncer ta in ty  regarding accuracy 

of reported val ue) . 
R = Data r e j e c t e d .  
u = Undetected a t  de t e t ion  l imi t  shown. 

> u  = Minimum detect ion l i m i t .  No in terna l  standard recovery. 
D = Not detected;  actual  de tec t ion  l i m i t  unknown. 
- = Denotes de tec t ion  of compounds. 
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eta1 s  r e su l t s  were, in general ,  unremarka l e .  Concentrations 
~n samples IS-1, - 2 ,  and -3 were s imi la r  to  hose commonly reported in 
control areas. Metals concentrations a t  IS- were somewhat e 1 evated , b u t  
s t i  1 1  be1 ow those general ly  associated with adverse biological e f fec t s .  

Organics: Sediment samples were col lected in seepage areas. In the case 
es IS-1, - 2,  and -3, water was seeping d i r ec t l y  from the exposed 

sediments. The seepage a t  each of these  s i t e s  had a v i s i b l e  sheen indi- 
ca t ive  of creosote or o i l- 1  ike contamination. This sheen ranged from 
heavy and dark a t  IS-1 t o  l igh t  a t  IS-3. This pattern i s  ref lec ted in 
the r e su l t s  f o r  the l ighter  aromatic compounds (1-  t o  3-ring) with con- 
centra t ions  being general ly  highest a t  IS-1, 1 ower a t  IS-3. 

The seepage observed at IS-4 was leaking from the timber bulkhead west of 
the  loading dock. Sediments col lected near the ase of the bulkhead were 
dark. A1 though there  were v i s i b l e  sheens on the exposed sediment, t h i s  
sheen was not noted on the seep water sample. Low mol ecul ar weight aro- 
matic concentrations in the IS-4 sediment sam les  were intermediate be- 
tween IS-l and IS-3. High molecular weight P A concentrations were 20 
t o  30 times higher (on a dry-weight ba s i s )  a t  the IS-4 s i t e  than at  the 
other s i t e s .  

Other organics observed in sediments i  nc 1 uded phenol ( highest concentr a- 
t ion  at  IS-4); 2,4-dimethylphenol and pentachlorophenol (detected only at  
IS-4); dichlorobenzene a t  IS-1 and - 2 ;  an array of phthal a tes  (primari ly 
at  IS-4); and r e l a t i ve ly  low levels  of PCBs a t  IS-2. 

Table 1 2  compares the maximum concentrations of various organics detected 
in sediments during t h i s  study with maxima reported in the extensive 
Commencement Bay Nearshore/Tidef l a t s  Superfund Study (Tetra  Tech, 1985) 

other wood-treating f a c i l i t  --McFarl and/Cascade, Budd In le t  
aximum PNA concentr t ions  ( a \  l weights) detected dur- 

ing t h i s  study were higher than those reported in any of the  Commenceinent 
Bay sediments. One Budd I n l e t  sediment sample was more contaminated with 
PNA's than the maximum concentrations reported in t h i s  study. Low mole- 
cular  weight PNA's were generally highest in IS-1, high weight PNA8s 
were highest in IS-4. 

Cr i t e r i a  (present ly  referred to  as "se  iment contamination values") are 
current ly  being developed fo r  Puget Sound sediments. The l a t e s t ,  most 
comprehensive development and compi 1 a t ion  of these val ues i s  being gene- 
rated by a cooperative e f f o r t  of the P ge t  Sound Dredge Spoils Analysis 
(PSDSA, an Army Corps of Engineers e f f o r t )  and the Puget Sound Estuarine 
Program (PSEP, a jo in t  EPAIEcology e f f o r t ) .  These val ues are tabu1 ated, 
explained, and discussed in a d r a f t  document (Tetra Tech, 1986). The 
concentrations of se l ected organic con yckoff i n t e r t i da l  
sediments are compared to  selected dra in Table 13. Only 
sediment concentrations which exceed one or several of the d ra f t  " c r i -  
t e r i a "  are included in Table 13. 



Table 1 2 .  Maximum concentrat ions of selected organic p r i o r i t y  pol 1 u tants  in i n t e r t i d a l  Eagle Harbor sediments 
compared to  maxima from other  Puget Sound s tudies  ( u n i t s  in ug/Kg dry weight) 

31 ected Organic 
- i o r i  t y  Po 11 u t  ants  

:id Extractables 
Phenol 
2,4-Dimethyl phenol 
Pentachl orophenol 

3se/Neutral s  
Naphtha1 ene 
Acenaphthyl ene 
Acenaphthene 
F l  uorene 
Phenanthrene 
A n t  h r  ac en e 

Total low w t .  
F l  uoranthene 
Pyrene 
enzo(a)anthhra 

Chrysene 

PNA's 

.c en e 

Benzo(b)fl uoranthene 
Benzo(k)fl uoranehene 
Benzo ( a )  pyrene 
Indeno(l,2,3-cd)pyrene 
Di benzo( a,h) anthracene 
Benzo(g,h , i  )peryl ene 

Total high w t .  PNA's 

Present Study 
Maximum 
Concentration S t a t i o n ( s )  

Commencement Bay 
(Te t ra  Tech, 1985) 

Maximum No. of 
Concentration Sta t ions  

Budd In letlMcFar1 and Cascadc 
(Johnson, 1985) 

Maximum No, of 
Concentration Station: 

E = Estimated concentrat ion.  
P = Internal  standard recovery (10% (high uncertainty regarding accuracy of reported value) .  
u = Not detected a t  t h i s  quant i f ica t ion  l i m i t .  

N D  = Not detec ted .  



13.  S t  i e c t r d  sediment organics compared t o  a s u l t e  o f  proposed ( d r a f t )  c r i t e r i a  (normal ized t o  d r y  weight, o r yan i c  carbon, and 
percent  f i n e s )  

~ n t e r t i d a i  Sediment Concentrat ions k- 

l~eno I 
ug/Kg - d.w. 
ug/Kg - TOC 
ug/Kg - % f i n e s  

l t i  11 h ~ w z e n e  
u q / K < j  - d.w. E750 
i i q / K g  - TOC 
dg/Kq - % f i n e s  

E2 50,000 
E13,000 

,4-dimethylphenol 
ug/Kg - d.w. 
ug/Kg - TOC 
ug/Kg - % f i n e s  

aphthal  ene I 

E53 E60 E60 
El800 >E60,000 E2300 
E930 E 1600 E760 

,2-dichlorobenzene 
ug/Kg - d.w. 
ug/Kg - TOC 
ug/Kg - % f i n e s  

E93 El20 
E31,000 >E120,000 
El600 E3300 

ug/Kg - d.w. 
ug/Kg - TOC 
ug/Kg - % f i n e s  

PE 36,000 PE18,OOO 11,000 PEllOO 
PE12,000,000 >PE18,000,000 >11,000,000 PE42,OOO 
PE630,OOO PE490,OOO 300,000 PE6800 

o t a l  low w t .  PNA's 
ug/Kg - d.w. 
ug/Kg - TOC 
ug/Kg - % f i n e s  

I Proposed ( d r a r t )  C r i t e r i a  (Te t t  a Tech, 1986)1/ 

E65,000 E21,000 25,000 E46,000 
E22,000,000 >E21,000,000 >25,000,000 E1,750,00( 
E1.100.000 E570,OOO 690,000 €580,000 

o t a l  h i gh  w t .  PNA's 
ug/Kg - d.w. 13,500 1250 12,000 300,000 

Apparent E f f e c t s  Thresholds 

ug/Kg - TOC 
ug/Kg - % f i n e s  

E = Est imated concent ra t ion .  
P = I n t e r n a l  standard recovery  <10% (h igh  u n c e r t a i n t y  r ega rd i ng  accuracy o f  r epo r t ed  va l ue ) .  
> = Greater  than. 

1/ = See t e x t .  - 

4,500,000 >1,250,000 >12,000,000 11,500,00( 
240,000 34,000 332,000 3,800,000 

Reduct ion Reductior 
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A de ta i led  explanation of the  de r iva t io  of the  c r i t e r i a  values i s  beyond 
the  scope of t h i s  repor t .  However, a  b r i e f  descr ip t ion  follows: 

o  Equi 1 ibrium Par t i t ion ing :  The 1 iquid- sol  id phase par t i t ioning of 
neutral organics can be derived mathematical ly.  This approach 
assumes adverse biological e f f e c t s  of pol lu tants  in sediment i s  due 
t o  l i  quid-phase concentrat ions.  Limits for  1 iquid-phase concentra- 
t ions  are derived using € P A  water u a l i t y  c r i t e r i a  or other  appro- 
p r i a t e  values f o r  the  protection o  marine organisms. Comparison of 
values obtained using t h i s  theore t i ca l  approach often y ie lds  much 
higher c r i t e r i a  than o ther ,  empiri a1 approaches. In addit ion,  
values derived by t h i s  approach yi Id very wide confidence in te rva l s  
and appear t o  perform poorly as a  r e d i c t o r  of which sediments 
w i  1 1  display  adverse bological e f f e c t s .  For t h i s  reason, these 
values are  not used in Table 13. 

o  Apparent Effects  Thresholds: This approach uses the  r e s u l t s  of 
chemical analyses and biological d a t a  (bioassays o r  infaunal analy- 
s i s )  from f ie ld- col  lected sediments t o  derive c r i t e r i a .  The highest 
concentration of a  potential  po l lu tan t  a t  which no s ign i f i can t  ad- 
verse e f f e c t  i s  detected i s  termed the  "apparent e f f e c t s  threshold." 
Four values a re  given in Table 13. These are based on amphi pod, 
oyster  la rvae ,  and microtox bioassay r e s u l t s ,  as well as analysis  
of benthic infaunal communities. The values given in Table 13 are 
based on the  analyses of a  f a i r l y  wide range of Puget Sound sediments. 

o  Toxic Endpoint: This also i s  an empirical approach which uses the  
resencelabsence or  s i g n i f i c a n t  de ress ion  of spec i f i c  types of 
enthic organisms. Sediments are rranged in order of t a r g e t  con- 

taminant concentrat ion.  The concentrat ion a t  the  s t a t i o n  repre- 
senting the 90th pe rcen t i l e  of the  t o t a l  number of s t a t i o n s  a t  which 
the  species was found ( o r  was or  was not reduced by more than 80 
percent of the  dens i ty  a t  reference  s t a t i o n s )  i s  determined ( s e e  100 
percent and 80 percent able 1 3 ) .  This value 
( t h e  "Species Probabl e  E L )  i s  determined f o r  a  
number of species .  The hich 95 percent of the  
SPNELs are found i s  termed the  "Probable Mo-Effects Level" ( P N E L ) .  
This i s  a  promising approach, b u t  i s  da ta- in tens ive  and has been 
used t o  determine P ELs f o r  only a  few compounds or  c l a s ses  of 
compounds. 

The " c r i t e r i a "  concentrat ions determine e  various approac 
can be expressed in t ree  d i f f e r e n t  way e i g h t ,  organic-carbon- 
normal ized,  o r  a  perc nt-fines-normal i z  

Table 13 shows sediment concentrat ions f o r  seven organic chemicals or  
groups of compounds which exceed one or more of the  " c r i t e r i a , "  The most 
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ser ious  excursions include low molecular weight PNA's ( including naphtha- 
lene) in samples IS-1, - 2 ,  and -3. Be ause these samples were coarse and 
carbon-poor , t he  organic-carbon and f  ines-normal i  zed concentrations are  
very high. For instance,  t h e  naphtha1 ne concentration in 15-2 normal ized 
to  organic carbon i s  g rea te r  than 480 o 550 times the  toxic  endpoint 
sediment val ues . 
High molecul ar weight PNA concentrat io s  a lso  indica te  subs tant ia l  prob- 
lems in these sediments. IS-4 has the  highest  concentrations on both 
a dry-weight and fines-normalized bas i s ,  while IS-1 and -3 are  part icu-  
1 ar ly high on an organic-carbon-normal ized basis .  

The applicat ion of sediment c r i t e r i a  t o  the  cleanup of contaminated 
sediment i s  a  process which i s  s t i  1 1  evolving.  The most pressing need 
i s  t o  el iminate current  sources. Control of seepage should go a long way 
toward improving conditions in sediments between the  shipping dock and 
the  Milwaukee dock. The high concentrat ions of high molecular weight 
PNA's in the  surface  sediment a t  IS-4 imply recent  or current  sources are  
contr ibuting t o  sediments west of the  shipping dock. The source of t h i s  
contamination has not been documented. 

COMCLUS IONS A N D  RECOMMENDATIONS 

Conclusions 

Based on the r e s u l t s  of ground-water, seep, and i n t e r t i d a l  sediment samples 
the  WyckoffIEagle Harbor s i t e ,  the  fol  lowing conclusions may be drawn: 

There i s  ongoing seepage of PNA-contaminated ground water from the  
i n t e r t i d a l  zone eas t  of the  Wyckoff property.  Concentrations of these 
contaminants in the IW-1 seep exceed t e EPA acute and chronic receiv- 
ing water c r i t e r i a  f o r  the protect ion o f  marine aquatic l i f e .  

Based on visual observations and conve ional analyt ical  r e s u l t s ,  ground- 
water contamination cons i s t s  of a t  l e a s t  two phases: a  f loa t ing  o i l -  
based phase and a contaminated-water phase. Par t i t ioning of p r i o r i t y  
pol lu tant  organics in these two phases has not yet  been measured, A 
t h i rd  phase of heavy components which s i n k  t o  the impermeable boundry of 
the  aquifer  may also be present.  

There i s  strong evidence t h a t  contaminated seepage i s  the  major source 
of PNA contamination in s h e l l f i s h  co l l ec ted  south of the  seeps along 
Rockaway Beach toward Point Blakely. This evidence includes trends in 
the  spa t i a l  d i s t r i b u t i o n  of PNA's in s  el  l f i s h  and the marked s i m i l a r i t y  
of seep and clam contamination "finger r i n t s , "  p a r t i c u l a r l y  f o r  the high 
molecul ar weight PNA's. PNA contamina ion in clams col lec ted  south of 
these seeps i s  the  highest reported in Puget Sound and has led t o  post- 
ing of advisories by the  Kitsap-Bremer on Pub1 ic  Health Department. 
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The three  sediments col lec ted  between i  lwaukee dock and the  shipping 
dock (IS-1, - 2 ,  and - 3 )  were low in or  carbon and f ines  concentra- 
t i o n s ,  while the  s ing le  sediment sample col lec ted  west of the  shipping 
dock ( IS-4)  was more ind ica t ive  of a  d posi t ional  environment, having a  
higher organic carbon and f i n e s  conten 

Aromatic hydrocarbon (1- t o  3- ring) co pounds predominated in the  in te r-  
t i d a l  seep sediments between the docks with the  higher concentrat ions 
general l y  associated with IS-I,  lower oncentrat ions with IS-3. When 
compared wi t h  avai 1 ab 1 e  sediment conta ina t ion  values ( " c r i t e r i a " ) ,  these  
concentrations were very high, par t icu  a r l y  when normalized on an organic 
carbon or  f ines  bas is .  

Phenol and the  high molecular weight P A contamination was most severe 
a t  IS-4. High weight PNA concentra t ions  were much higher than several 
applicable c r i t e r i a  when expressed e i t h e r  on a  dry-weight o r  f ines-  
normalized bas i s .  When normalized t o  organic  carbon, 15-1 and - 3  a lso  
appear t o  have substanti  a1 high weight PNA contamination problems. 

Recommend a t  i  ons 

There are  several areas where fu tu re  inves t iga t ions  or  research are  
l ike ly  t o  y ie ld  useful information in resolv ing the  contamination prob- 
lems a t  the  Wyckoff s i t e  and in understanding similar  contamination 
problems in Puget Sound. These include:  

o  Analyses of the  oi l-based and water-based phases of contaminated 
ground water for  a  range of organ c s  including contaminants detec-  
ted in seep waters and sediment. This information would be useful 
in determining the  extent  t o  which physical treatment ( i . e . ,  o i l /  
water separat ion) would decrease contaminant f  1 ux t o  Puget Sound. 
An inves t iga t ive  inquiry in to  the  possible existence of a  heavy 
contaminant phase a t  the  bottom boundry of the  aquifer  would also 
be useful .  

o  Full inves t iga t ion  of the  extent ,  magnitude, and mechanics of 
ground-water contamination and subsequent discharge t o  the  Sound 
leading t o  the e f f e c t i v e  containment and control of t h i s  source 
( i . e . ,  "pump and t r e a t "  techniques t o  minimize contaminant migra- 
t i o n  t o  the  Sound). The ongoing EPA R C R A  inves t iga t ion  may provide 
much of t h i s  information. I t  may be useful t o  focus a  portion of 
t h i s  inves t iga t ion  on se lec t ive  c o l l e c t i o n  and treatment of the  
surface  1 ayer ( o i  1 -based contamination) and/or a  heavy contaminant 
phase ( i f  i t  e x i s t s ) .  

o  Determine the  source of recent  contamination of surface  sediments 
west of the  shipping dock. 

o  Invest igate the  at tenuation and s e  e c t i v e  uptake metabolism and 
excret ion of spec i f i c  P A's  by clams suggested by Figures 5 and 6 .  
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2 .  I t  i s  i m p o r t a n t t o  proceed as quickly a s  possible with source control 
( t h a t  i s ,  e l  imination or  mi t i g a t i o n  of contaminated ground-water seep- 
age t o  Puget Sound). The use of E P A  water qua l i ty  c r i t e r i a  ( acu te  and 
chronic f o r  the  protection of marine organisms) as a  t a r g e t  for- seep 
water qua l i ty  i s  suggested as a  r e l a t i v e l y  straight- forward means f o r  
determining a  cleanup 1 eve1 . Prior t o  implementation, the  imp1 ica t ions  
of choosing t h i s  t a rge t  cleanup level should be assessed in terms of 
predicted e f f e c t s  on nearby sediments and clam t i s s u e s .  Acceptably 
low l evels  of c l  am t i s s u e  and sediment contamination should be assured. 
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TETRA TECH, INC. 
$ 3  , 

April 7 ,  1986 

Mr. Mark Snyder 
Black & Veatch Engineers-Architects 
6240 South Sprague Avenue 
Tacoma, WA 98409-6819 

Dear Mark: 

Per B i l l  Yake's r e q u e s t ,  I am t ransmi t t ing  revised QA memos and data 
summaries on the i n t e r t i da l  samples co l l e c t ed  in Eagle Harbor. These 
supersede the memos previously submitted March 21, 1986. 

These evaluations should r e f l e c t  the data review approach agreed upon with 
B i l l .  You will be not i f ied  a s  presently unresolved issues  (e .g . ,  detection 
1 imi ts  f o r  pes t ic ides  and PCBs) a r e  resolved. There were l i b r a ry  searches 
processed fo r  the sediment samples b u t  they have n o t  been evaluated. 

Sincerely,  

Envi ronmental Chemi s t  
Environmental Systems Engineering 

Enclosures 

cc: B.  Yake, Ecology, w/enclosures / 
M. McCall, Ecology, w/enclosures 
G .  Stumpf, Ecology, w/enclosures 
B .  Barrick, Tetra Tech 



MEMO TO: Bill Yake, Ecology 
& 

FROM: Julia Wilcox, Tetra Tech I"' 
DATE: April 4, 1986 

SUBJECT: Quality Assurance Report - Organic Analyses of Eagle Harbor Seep 
Samples 

This quality assurance memo supersedes the memo on the same subject of March 21, 
1 986. 

VOLATILE COMPOUNDS 

Metro performed all analyses. The samples were collectd in 1 L glass jugs and stored in a 
cooler until analysis. All analyses were performed within five days of collection. The 
volilme of sample purged ranged from 1 mL to 200 mL based on the estimated or tested 
level of contamination. Twenty-six internal recovery standards were used for quantitation 
by isotope dilution GCIMS. Erratic recoveries (i.e., very high, or low) for chloromethane 
and vinyl chloride were evident. There was no apparent explanation for this provided by 
the laboratory, but it was indicated that it was an ongoing problem. 

The water samples were collected in containers provided by the laboratory that were not 
airtight and removals of alliquots for multiple analysis allowed headspace to exist. 
Because of these conditions, it is likely that volatile compounds were lost prior to analysis. 
It is not possible to assess the magnitude of any loss and the data for these compounds 
are qualified as estimates (E). 

As we discussed, these data for volatile organic compounds would be evaluated in a 
manner similar to that used for data produced by contract laboratories for the U.S. EPA 
Superfund program (e.g., no positive results are reported unless the sample concentration 
is >5 times theblank concentration of methylene chloride or acetone). The summaries of 
the results are attached. The data are not blank corrected but are corrected for recovery of 
the internal standards. 

SEMIVOLATILE COMPOUNDS 

Metro performed all analyses. Fifty-four internal recovery standards were used for 
quantitation by isotope dilution GCIMS. Serious problems were encountered during 
extraction and cleanup and all the data for samples Ecology #248587-248591, 248596 
and 248597 (June sampling) are rejected. Station IW-1 was resampled (Ecology 
#418151) and delivered to Metro October 9, 1985. This sample was allowed to stand at 
room temperature for 14 of the 47 days between sampling and extraction. The quantitation 
of acid compounds was performed on an extract of a one liter sample taken to a 1 mL final 
volume. The baselneutral fraction was run at 1 :8 and 1 :20 dilutions. The 1 :20 dilution 
results in quantitation very near the lower limit of detection. Therefore only the 1 :8 dilution 
will be considered appropriate for quantitation of all base and neutral compounds. Some 
calculation errors have been detected and corrected. Because of the improper stroage 
techniques and extended holding time, all values for semivolatile compounds should be 
considered estimates (E). The values are recovery corrected and expressed in ug/L. 



Bill Yake, Ecology 
April 4,1986 
Page 2 QA seep 

No pesticides or PCBs were detected. Metro states that the detection limits for these 
compounds are the same as those listed in their Organics Analytical Support and Data 
Validity document (i.e., 0.002 to 0.01 ugIL). Sufficient data to verify these detection limits 
have not been provided. 

SUMMARY 

The data for volatile and semivolatile compounds are estimates only. The semivolatile 
data from Ecology #248587-248591, 248596 and 248597 are rejected. Resampled 
station IW-1 (Ecology #418151) data are usable with the corrections and qualifications 
noted on the data summary provided. 



MEMO TO: Bill Yake, Ecology 

FROM: Julia Wilcox, Tetra Tech 

DATE: April 4, 1986 

SUBJECT: Quality Assurance Report - Organic Analyses of Eagle Harbor Intertidal 
Sediment samples 

This quality assurance memo supersedes the memo on the same subject of March 21, 
1 986. 

VOLATILE COMPOUNDS 

Metro performed all analyses. All samples were kept in a cooler and analyzed with 22 
days of sampling. Between 0.28 and 0.85 grams of sample were purged. All samples 
were brought to a volume of 200 mL with organic free water. Twenty-six internal recovery 
standards were used for quantitation by isotope dilution GCIMS. 

As we discussed, these data for volatile organic componds have been evaluated in a 
manner similar to that used for data produced by contract laboratories for the U.S. EPA 
Superfund program (e.g., no positive results are reported unless the sample concentration 
is >5 times the blank concentration or >10 times blank concentration of methylene chloride 
or acetone). The summaries of the results are attached. The data are not blank corrected 
but are corrected for recovery of the internal standards. The values are reported as uglkg 
dry-weight. (The data from the laboratory are reported as uglkg wet-weight). 

SEMIVOLATILE COMPOUNDS 

Metro performed all analyses. Fifty-four internal recovery standards were used for 
quantitation by isotope dilution GCIMS. Analytical problems were encountered and three 
samples were extracted and analyzed a second time [i.e., IS-1 , IS-2, IS-4 (Ecology 
#248592,248593,248595]. The samples were held in storage at 4O C. Recovery of acid 
compounds is improved in the second analyses Although it is suspected that there may 
have been sample degradation during storage there is no conclusive evidence to support 
this conclusion. The results have been accepted as estimates (E). Results for IS-3 acid 
compounds have been rejected (R). 

While concentrations of high molecular weight PAH are similar for both the first and 
second analyses, the results of the second analysis indicate that there may have been 
some degration of low molecular weight PAH in IS-1 and IS-2 during storage. There is no 
basis for suspecting degradation of IS-4. The results of the first analyses of IS-1, IS-2, and 
IS-3 have been accepted with the qualifiers shown for base and neutral compounds. The 
results of the second analysis of IS-4 have been accepted with the qualifiers shown. 
Some calculation errors have been detected and corrected. The values and detection 
limits summarized are recovery and blank corrected and expressed in uglkg dry-weight. 



Bill Yake, Ecology 
April 4,1986 
Page 2 QA sediment 

The second extraction and preparation of the samples resulted in generally cleaner 
extracts for GCIECD analysis. These results have been accepted with the qualifications 
noted. It is recommended that the results for PCBs be reported as total PCBs rather than 
individual Aroclors. Where the laboratory reported a c value, the charicteristic Aroclor 
peaks were present but interferences prevented proper quantification. The number 
reported is a maximum estimate for that Aroclor. Results for Aroclors have been added 
and the result is expressed as total PCBs. A total PCB value that contains a < sign 
indicates that at least one "maximum estimate" was included in the total (i.e., IS-2). No 
pesticides were detected in any sample. Metro states that the detecction limits for these 
compounds are the same as those listed in their Organics Analytical Support and Data 
Validity document. Sufficient data to verify these detection limits have not been provided. 

SUMMARY 
Volatile compound analyses have been evaluated using criteria similar to those used for 
U.S. EPA Superfund contract laboratory program. The acid results for the reanalyses of 
IS-1, IS-2, and IS-4 are estimates and IS-3 has been rejected. Base and neutral 
compounds results are accepted from the first analyses of IS-1, IS-2, IS-3 and the second 
analysis of IS-4. The pesticide and PCB results from the second analyses are accepted 
for IS-1, IS-2, IS-4 and the first analysis for IS-3. 



ase find the summary sheet 
156). These data were r 

we discussed on the hone, the fie1 
lease call  i f  you 

Sincerely, 



ORGANICS A N A L Y S I S  DATA REPORT 

M e t r o  S a m p l e  N u m b e r :  S a m p l e  I . D .  Number: 

PESTICIOE/PCB 
COMPOUNDS 

PPB D r y  Standard % 
W e i g h t  D e v i a t i o n  R e c o v e r y  



LE NARRATIVE 

Metro ,sample Number: Sample I . D .  Number: 

Matrix: 14-0 D a t e  Received : Date Extracted:  

% S o l i d s :  f i& W e t  Weight Ext . /Final  Ext. V o l .  : * 
Storage Method P r i o r  to  Ext. : Y@C Sto rage  Method Af te r  Ext. : 9 ' ~  

Spike I . D . :  2 ~ 0  Acid s 
Base Neu t r a l s  

6 0  70 

Instrumentat ion:  GPC NPC FID ECD: 

VolumeInjected:  /J y d  
GC-MS : 1 2 3 

Frac t ion  : ik& &4' f?&fk,L 

F r a c t i o n  V o l .  : (d jJ (4 

Instrument: 6-- B 6-B F;,& 

Amount I n  j . : 
Data F i l e :  Uo105B J $ ~ I Q Y ~ ~  @FOIIS& 
Comments : 



ORGANCCS ANALYSIS DATA SHEET 

METRO SAMPLE NUMBER: $! I I ,q.< 

DOE SAMPLE NUMBER: K-dd @/a& DRY WT. FACTOR:& 

~ T R T X ;  Hr 0 AMolJNT ANALYZED: / & S P I K E  I D :  JyO ($0~)- 
-k%t e - 
DETECTION SPIKE-? SAMPLE 

- - - 
I KE 
max COMPOUND L I ~ J T  ng n g PPB S.D.  o.&c - 1 V ,  I I I t 



LE NARRATIVE 

Metro Sample Number: Sa.mple I.  D.  Number : 

Matr ix  : N2 Date Received: Date Ex t r ac t ed  : /I-25-85 . . 

8 S o l i d s :  f i  W e t  Weight Ex t . /F ina l  Ext ,  V o l . :  

S t o r age  Method P r i o r  to  Ext. : L f b ~  Storage .Method  A f t e r  Ext. : l-foG 

Spike  I. D. :  YO Spike  /GL A c i d s  B a s e  N e u t r a l s  

Ng Max. : 

I n s t rumen ta t i on :  GPC NPC FID ECD.? 

Volume I n j e c t e d :  (d LA- /YL /uL 

GC-MS :- 

F r a c t i o n :  

F r a c t i o n  V o l .  : hl... /~d. 

Amount I n j . :  /x / /A- 

Comments : 



ORGANCCS ANALYSIS DATA SHEET 

METRO SAMPLE NUMBER: y/f~.fG 
DOE SAMPLE NUMBER: &,k k y b o <  Tvau~por) ma& DRY WT, FACTOR: 

MATRIX : AMOUNT ANALYZED: I& 
A$+ 0 - 

I KE DETECTION SPIKE- SAMPLE 
max COMPOUND LIMJT ng n g PPB S.D. &;sc 

I I I 



S a m p l e  N u m b e r  

S T I C I  OE/PCB 
" COMPOUNOS 

ORGANICS A N A L Y S I S  DATA REPORT 

1 . D -  N u m b e r :  

PPB Dry Standard 
Weight D e v i a t i o n  

Alpha-BHC A 
Bet . . a-BHC - .  
Delta-BHC ...... --- ............. 

Ganma-BHC (Lindane ---- 1 1 
H e ~ t a c h l o r  I 

... -- - -. . . . . . . . . - . .  

Aldrin --.. . . 

H e p t a c h h r  - E p o x i d e  1 .  . 

Endosulfan - 1 . A I - -  

Dieldrin -- : I -- 

- - 
~ n d r  in - ---- - - - 

Endorulfan - -- - - - - - - - - - . - - -- 1 1  - - - - - - . I 

8 
Recovery 

. -- . -. - - . . - 
4 9 4-000 - --- --..----. _ _- , .. . . . .  .............. ......... : I  -, - 

Endrin ---- Aldehyde . - . . ......... ............ - . ! Endosulfan .Sulfate i 4-. ! ... . . . . . . . .  ......-....-....- .......-.......--- ........................-...-.. 

4 14-DDT I --- -. ......-... . -. . -. . - . . - - . e . . . .  ..... ... ; I ---- - -- 
MethoxYchlor NA ____t_ ! ________ - - . . - -. I - - - - - . - 

f NA Endr in ~ e t  one . 

' 

! 
I 

-- .-- - - 
Chlordane i 

! -  -- 
-- -. - - . . - - - - - - -- 

roxaphene ! -. ........ --. . . . . . .  - 

qroclor-1016 . . -. -- -- . - . - . . . . - . -. - -- .- -- - - ----- -- 
4r  oc-1 or-1.223- .......... ...... i 

........ ......... -- - - 
4roc 1 dr+l232 . . . .  - .... .. .. . . . . . . . . . . . . . . .  -- - J  - -  

4roclor.-1242 - -. ........ - .  I . - 

iroc'lor-l248 - - - . -- - 
i 
7- - -  ----- -. - - - - . - 

i-roc-i%r-1 254 .......... 
........ ,.; dci..orz , 60 .... ...-.-.........- -- 

- .... .. .... -NO ...-.......... ---I ........................... .. -- 



EAGLE HARBOR INTERTIDAL SEEP SAMPLES 
Volatile Organic Analysis Report ug/L 

COMPOUND 

Chloromet hane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
1 , l  -Dichloroethene 
1 ,l -Dichloroethane 
trans-l,2-dichloroethene 
cis-l,2-dichloroethene 
Chloroform 
1,2-Dichloroethane 
1 , I  ,1 -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-l,3-Dichloropropene 
Trichloroethene 
Di bromochloromet hane 
1 ,I ,2-Trichloroethane 
Benzene 
Bromoform 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethylbenzene 

U = undetected at detection limit shown. 

IW-2 IW-3 IW-4 WA- 1 

E = estimated value. 



EAGLE HARBOR INTERTIDAL SEEP SAMPLES 
Volatile Organic Analysis Report ug/L 

COMPOUND 

Chloromet hane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
1 ,l -Dichloroethene 
1 ,l -Dichloroethane 
trans-l,2-dichloroethene 
cis- l,2-dichloroet hene 
Chloroform 
1,2-Dichloroethane 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-l,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
Bromoform 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethylbenzene 

U = undetected at the detection limit shown. 
E = estimated value. 





Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
1 ,l -Dichloroethene 
1 ,l -Dichloroethane 
trans-l,2-dichloroethene 
cis-l,2-dichloroethene 
Chloroform 
1,2-Dichloroethane 
1 ,I ,1 -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1 ,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-l,3-Dichloropropene 
Trichloroet hene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
Bromoform 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethylbenzene 

EAGLE HARBOR INTERTIDAL SEDIMENT SAMPLES 

COMPOUND 

Volatile Organic Analysis Report ug/kg dry-weight 

U = undetected at detection limit shown. 
E = estimated value. 





O R G A N I C S  A N A L Y S I S  DATA REPORT 

M e t r o  Sample N u m b e r :  418151 s a m p l e  I . D .  N u m b e r :  7-CC) - I 

P E S T I C I O E / P C B  
COMPOUNOS 

PPB D r y  Standard % 
W e i g h t  D e v i a t i o n  R e c o v e r y  

I 4 * 4.YOO.E .- - . - - - -  . -. -- 
~ n d r i n  -- - . - - - . . - 
Endosulfan I t  -- - - - - - - - . . - . . 
4 9 4-000 - - . - -- - . - 
Endf in --.--- Aldehyde I - . . - . - . . - -- 
Endorulfan -Sulfate ? - - - - -- -- - - - - - - - - - - - -. -. - - - -. -- -- . . - - -- 
4 94-Df3T ---------- - - 1. - - 1 



ORGANICS ANALYSIS  DATA REPORT 
4 -  , 

tro S a m p l e  N u m b e r :  2q / 69.2- S a m p l e  I.D. N u m b e r :  

'EST1 C I O E / P C B  
COMPOUNOS 

PPB D r y  Standard % 
Weight D e v i a t i o n  R e c o v e r y  

B e t  - a-BHC - - - -- 

Endosulfan -- 1 -- - 
Dieldrin - -- - I 

4 r 4-00E - - -  ! 
Endr i n  - - - --. - 
Endosu 1 f a n  -1 1 I 

1 

r o c  1 or-3.232 ---: -r - -.,+- - - - - - . . - . . - 
broclor--l 2 4 2  ! - . . . - - . -. . - -- - - . . . - - . . - - - - - -- - - 

.roclor-1248 I I 
- . - - . - . . --- - -  ._._ - - . 

roclor-1254 I - - . - - - . . . - - . . . - - . . . - - . - -.  - -- - 
r'oclor-1260 0 - - ... - - - - - - . . '  _: . - -  - -  - 



O R G A N I C S  A N A L Y S I S  DATA R E P O R T  

e t r o  S a m p l e  N u m b e r :  2 7 8 5 9 3 S a m p l e  I .D .  N u m b e r :  15-T 

PESTICIOE/PCB 
COMPOUNDS 

PPB D r y  S tandard % 
W e i g h t  D e v i a t i o n  R e c o v e r y  

A ~ p h a - ~ ~ ~  ND i 
B e t  a-BHC - - - - 
0 e 1  t a - B H C  

- 

- - - - 
! 

- -- - - -- - -- --- --- - -- --- - -- - - 

- ~ a ~ ~ ~ ~ a - ~ ~ ~ ( L i n d a n e l - -  -- - -- -- - -  --- - -- - - -- - 
H e ~ t a c h l o r  
Aldrin -- - - - -- - -- - 

-- Heptachlor ---- Epoxide . I 
L - -  

Endosulfan 1 - - -- -- - I - - C - - - .  

Oieldr in ------ , 
7- - . 4 14-ODE ' I . Endrin I 

-- - - - - - . Endosulfan 1 1  -- - - - - -- - - - - -- 
4 94-000 , I 

; I 
. - - - - -  

I Endrin Aldehyde 
- t -- - -  - -  

~ n d o s u l f a i ~ ~ ~ ~ i f ~ t ~  - - I -- - - - - - - - 
- i- I 4r4-DDY- -- - - _. -- - - - 

I MethoxYchlor NA I 
-- - - - a-- 

N A 
1--- - 

Endr in Ketone-_. - - - - - - -- - - . I - 
Chlordane NO - 



I 
r ! I Heptachlor Epoxide  

I 
-- - Endosulfan 1 i ------- ----- 1 - 

ORGANICS ANALYSIS DATA SHEET 

METRO SAMPLE NUMBER: / 2 4 8 ~ 9 4  
DOE SAMPLE NUMBER: f S - 3  DRY WT. FACTOR: dtB 

MATRIX: . AMOUNT ANALYZED: 
I 

SAMPLE 
COMPOUN Q - -- -- - -- - -- - - I - I 

I 
I 

~ l p h a - B H C  .- !- 
Beta-BHC - 
~ e j t ; r , ~ ~ H C  
Gamma-BHC (Lindane) - Hedtachlor - Aldrin . 

I 
I 



ORGANICS A N A L Y S I S  DATA REPORT 

~ e t r o  S a m p l e  Number: 2 4 $'( 5 5' Sample I.D. N u m b e r :  i s - ( f  
pESTICIOE/PCB 

COMPOUNOS 

PPB Dry Standard % 
Weight D e v i a t i o n  R e c o v e r y  


